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(54) MANUFACTURING METHOD FOR SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a cobalt. silicide 
layer wherein a spike is'hard to occur on the bottom 
surface, relating to a manufacturing method for a 
semiconductor device containing a salicide process. 
SOLUTION: On the upper layer part of an impurity 
diffusion layer 9 of a silicon, an amorphous layer 1 1 is 
formed by ion implantation, and after an cobalt film 12 is 
formed on the impurity diffusion layer 9, the cobalt film 
12 and the silicon in the impurity diffusion layer 9 are 
made to react each other in the first thermal treatment, 
iso that a cobalt silicide layer 14 made of CoSi or Co2Si 
at low temperature is formed on the upper layer part of 
the amorphous layer 11. Then, no-reaction cobalt is 
removed, and in the second thermal treatment, the CoSi* 
or Co2Si constituting the cobalt silicide layer 14 is 
decomposed into CoSi2 for lower resistance, and at the 
same time, the cobalt silicide layer 14 is made protruded 
up to the depth of the initial amorphous layer 1 1 or 
further. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages baused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1ri.the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which introduces an impurity into the management of a silicon layer and 
forms an impurity diffused layer by heat treatment, The process which forms.an amorphous layer 
in the management of said impurity diffused layer by carrying out the ion implantation of the 
element, The process which forms the cobalt film on said amorphous layer, and said cobalt film 
and said impurity diffused layer are heated with the 1st temperature. It is Co2Si -to the 
management of said amorphous. layer. Or the process which forms the cobalt silicide layer which 
consists of CoSI, The silicon in said impurity diffused layer, the process which removes said 
cobalt film which did not react, and by heating said cobalt silicide layer and said impurity diffused 
layer with the 2nd temperature said Co2Si or CoSi — CoSi2 The manufiacture approach of the 
semiconductor device characterized by having the process which forms said cobalt silicide layer 
more deeply than the same depth as said amorphous layer, or said amorphous layer while making 
it change. 

[Claim 2] Said 1st temperature is the manufacture approach of the semiconductor device 
according to claim 1 characterized by being 450 degrees C or less. 

[Claim 3] Said 2nd temperature is the manufacture approach of the semiconductor device 
according to claim 1 characterized by being lower than the temperature in the case of said heat 
treatment which is 500 degrees C or more and forms an impurity diffused layer. 
[Claim 4] Said cobalt film is the manufacture approach of the semiconductor device according to 
claim 1 characterized by forming in the thickness of 8-20nm. 

[Claim 5] The manufacture approach of the semiconductor device according to claim 1. 
characterized by forming a cap layer on said cobalt, film before performing said heat treatment 
after forming said cobalt film. 

[Claim 6] Said element is the manufacture approach of the semiconductor device according to 
claim 1 characterized by being germanium, silicon, and arsenic. 

[Claim 7] Said germanium is 8x1013 atoms/cm2. An ion implantation is carried out above, the ion 
implantation of said silicon is carried out by two or more 8x1014 atoms/cm, and said arsenic is 
8x1013 atoms/cm2 - 5x1014 atoms/cm2. The manufacture approach of the semiconductor 
device according to claim 6 characterized by carrying out ap ion implantation. ^ 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detajled Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor 
device of having a salicide process, in more detail about the manufacture approach of a 
semiconductor device. 
[0002] 

[Description of the Prior Art] High integration of today's semiconductor device and speedHzing 
of high-speed-izing can be remarkable, and can enjoy now easily a high-speed three-dimension 
image processing, a high-speed communication link, etc. with a domestic personal computer and 
a domestic game. machine. Such high performance-ization has been realized by only making size 
of a CMOS device detailed. The present CMOS device is in the mass-production phase of 
. magnitude where gate length is about 0.35 micrometers, and the 0.1 -O.OSmicrometer CMOS 
device is also reported by resiearch level. However, the parasitism resistance according to a 
scaling law becomes large, and the engine performance does not go up as the conventional trend 
by the device with which gate length becomes smaller than 0.35 micrometers. Then, the process 
which silicide-izes the gate, the sourcie, and a drain to coincidence, and forms them into low 
resistance to it, i.e., a salicide process, is an indispensable technique. 

[0003] In the MOS transistor, if a diffusion layer is made shallow in order to suppress the short 
channel effect etc., since increase of resistance of a diffusion layer will be brought about, the 
technique which silicide-izes the polish recon front face which constitutes a gate electrode, and 
the front face of a source layer and a drain layer in self align, and forms them into low resistance 
is examined. As the silicide, ingredients, such as TiSi2, CoSi2, and NiSi, are used. 
[0004] Next, the general production process of the MOS transistor which used Co Salicide for 
the surface of the gate, the source, and a drain is explained. First, drawing 20 (a) It is the silicon 
machine hill 101 so that it may be shown. It is LOCOS inside. Oxide film 102 It is about 50A gate 
oxide 103 by thermal oxidation about the front face of the separated field. It forms. Then, it is 
the polish recon film 104 of about 1 500A thickness by the CVD method on it. It forms. 
[0005] Next, drawing 20 (b) It is the polish recon film 104 so that it may be shown. After carrying 
out the ion implantation of either PORON, Lynn or arsenic inside, it is the polish recon film 104. 
Patterning is carried out and it is the gate electrode 105. It forms. The ion implantation of the 
next door is carried out next, and it is the shallow impurity impregnation layer 106. It forms, next, 
drawing 20 (c) it is shown — as — a CVD method — silicon oxide with a thickness of about 
1000A — forming — gate electrode 105 until it exposes — anisotropic etching — carrying out - 
- silicon oxide — - sidewall 107 ****** — it leaves. 

[0006] After that, the ion implantation of the next door is carried out, and it is the deep impurity 
impregnation layer 108. Impurity impregnation layer 106 shallow after forming Deep impurity 
impregnation layer 108 It is activated by heat-treatment and, thereby, is the gate electrode 105. 
Silicon substrate 101 of both sides Source layer 109 of LDD structure Drain layer 1 10 It will 
form, next, buffered fluoric acid — the gate electrode .105, the source layer 109, and drain layer 
1 10 after removing the silicon oxide (natural oxidation film) of each front face — dr awing 20 (d) 
it is shown — as About 100A cobalt film 11 1 About 300A titanium nitride film 1 1 2 forming ~ 
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RTA for 550 ** 30 seconds (rapid thermal annealling) processing — silicide — -izing — cobalt 
silicide layer 1 1 3 It forms. 

[0007] Then, drawing 20 (e) It is the titanium nitride film 112 so that it may be shown. The 
unreacted cobalt film 1 1 1 is removed and it is RTA for further 850 **30 seconds. It processes 
and, thereby, they are the gate electrode 105 and the source layer 109. And drain layer 110 The 
cobalt silicide layer 1 14 forrhed in the iFront face is further formed into low resistance. Such a 
Salicide technique is a fundamental process, as the amelioration technique, the flattening 
technique of a silicide layer is shown in JP,62-33466.A, and the equalization technique of the 
thickness of a silicide layer is indicated by JP,5-291 180,A. 
[0008] 

[Problem(s) to be Solved by the Invention] When formation of the above cobalt silicide layers has 
a source layer and a deep drain layer, there is especially no problem, but when it becomes 
shallow, for example to about lOOnm, there is a problem that leakage current becomes easy to 
flow. It thinks for the spike of cobalt silicide occurring from the bottom of a cobalt silicide layer, 
and running through a source layer and a drain layer as the cause. The spike of such cobalt 
silicide was produced even if formed according to the approach and temperature conditions 
which were indicated by two patent official reports which described the cobalt silicide layer 
above. 

[0009] This invention is made in view of such a problem, and aims at offering the manufacture 
approach of a semiconductor device including the process which forms the cobalt silicide layer 
which a spike cannot produce easily on a base. 
[00101 

[Means for Solving the Problem] 

The process which introduces an impurity into the management of the silicon layer 1, and forms 
impurity diffused layers 9 and 1 0 by heat treatment so that the aboye-mentioned technical 
problem may be illustrated to drawing 1 and 2, (Means) The process which forms the amorphous 
layer 1 1 in the management of said impurity diffused layers 9 and 10 by carrying out the ion 
implantation of the element. The process which- forms the cobalt film 12 on said amorphous layer 
11, and said cobalt film 12 and said impurity diffused layers 9 and 10 are heated with the 1st 
temperature. The process which forms in the management of said amorphous layer 1 1 the cobalt 
silicide layer 14 which consists of Co2 Si or CoSi, Said impurity diffused layer 9, the silicon in 
ten and the process which removes said cobalt film 12 which did not react, and by heating said 
cobalt silicide layer 14 and said impurity diffused layers 9 and 10 with the 2nd temperature said 
Co2Si or CoSi — CoSi2 While making it change, it solves by the manufacture approach of the 
semiconductor device characterized by having the process which forms said cobalt silicide layer 
14 more deeply than the same depth as isaid amorphous layer 1 1. or said amorphous layer 11. 
[0011] In the manufacture approach of the above-mentioned semiconductor device, it is • 
characterized by said 1st temperature being 450 degrees C or less. In the manufacture approach 
of the above-mentioned semiconductor device, said 2nd temperature is characterized by being 
lower than the temperature in the case of said heat treatment which is 500 degrees C or more 
and forms an impurity diffused layer. In the manufacture approach of the above-mentioned 
semiconductor device, it is characterized by forming said cobalt film in the thickness of 8-20nm. 
[0012] In the manufacture approach of the above-mentioned semiconductor device, after 
forming said cobalt film, before performing said heat treatment, it is characterized by having the 
process which forms cobalt and the cap layer (for example, TiN) which does not react on said 
cobalt film. In the manufacture approach of the above-mentioned semiconductor device, said 
element is characterized by being germanium, silicon, and arsenic. In this case, said germanium is 
8x1013 atoms/cm2. An ion implantation is. carried out above, the ion implantation of said silicon 
is carried out by two or more 8x1014 atoms/cm, and said arsenic is 8x1013 atoms/cm2 - 
5x1014 atoms/cm2. It is characterized by carrying out an ion implantation. 
[0013] (Operation) Next, an operation of this invention is explained. In order to form a cobalt 
silicide layer in the management of an impurity diffused layer according to this invention An 
amorphous layer is formed in the management of an impurity diffused layer which consists of 
silicon by the ion implantation. After forming the cobalt film on an impurity diffused layer 
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furthermore, the cobalt film and the silicon in an impurity diffused layer are made to react by 1st 
• heat treatment, and they are CoSi or Co2Si at low temperature to the management of the . 
amorphous layer. The becoming cobalt silicide layer is formed. Then. CoSi or Co2Si which 
removes the unreacted cobalt film and subsequently constitutes a cobalt silicide layer by 2nd 
heat treatment CoSi2 While making it change and forming sheet resistance into low resistance It 
is the same as the depth of an early amorphous layer, or the cobalt silicide layer is made to 
enter more deeply than it. 

[0014] According to such a process, migration in the lower part of the configuration element of a 
cobalt filicide layer is barred by the amorphous layer in the case of the 1 st heat treatment for 
forming a cobalt silicide layer, and the 2nd heat treatment, and generating of a spike of a cobalt 
silicide layer is prevented. And since it was made for the recrystallization to make it immersed by 
the cobalt silicide layer even if it extended the cobalt silicide layer to the depth in early stages of 
an amorphous layer and the amorphous layer recrystallized on the occasion of the 2nd heat 
treatment, junction in high recrystallization of resistance and a cobalt silicide layer is barred, and 
the rise of contact resistance is prevented. 

[0015] If the temperature of the 1st heat treatment becomes 450'degrees C or more, since an 
amorphous layer recrystallizes from the bottom, the semantics made amorphous is lost. 
Moreover, if it is beyond temperature for the temperature of the 2nd heat treatment to activate 
an impurity diffused layer, since cobalt begins to melt from a silicide layer and junction leak is. 
increased, it is not desirable. Such a cobalt silicide layer is used for the source layer of an MOS 
transistor, a drain layer, etc., and forms those layers into low resistance. 

[0016] In addition, although especially the element that carries out an ion implantation in order to 
form an amorphous layer is not limited, germanium with big mass, silicon, its arsenic used for a 
dopant are desirable. 
[0017] 

[Embodiment of the Invention] Then, the operation gestalt of this invention is explained based on 
a drawing below. Below, the gestalt of operation of this invention is explained. Drawing 1 is the 
sectional view showing the process of 1 operation gestalt of this invention. First drawing 1 (a) It. 
is LOCOS among the silicon machine hills 1 so that it may be shown. The front face of the field 
separated with the oxide film 2 is oxidized thermally, and it is 5nm in thickness by this. The gate 
oxide 3 of extent is formed. Then, gate oxide 3 and LOCOS It is 150nm by the CVD method on 
an oxide film 2. The polish recon film 4 of the thickness of extent is formed. 
[0018] Next, drawing A (b) After carrying out the ion implantation of the arsenic into the polish 
recon film 4 so that it may be shown, patterning of the polish recon film 4 and the gate oxide 3 is 
carried out, and the gate electrode 5 is formed with the. polish recon film 4. The ion implantation 
of the arsenic is carried out to a mask at a silicon substrate 1, using the gate electrode 5, and 
the shallow impurity impregnation layer 6 is formed next, the dose of the ion implantation — 
3x1014 atm/cm2 it is — the acceleration energy — lOkeV(s) it is . 

[0019] Next, it is lOOnm by the CVD method. The silicon oxide of the thickness of extent is 
formed Then, anisotropic etching of the silicon oxide is perpendicularly carried out until the top 
face of the gate electrode 5 is exposed, and it is drawing 1 (c). It leaves silicon oxide to the side 
face of the. gate electrode 5 as a sidewall 7 so that it may be shown. After that, the ion 
implantation of the arsenic is carried out to a mask at a silicon substrate 1 using the gate 
electrode 5, and the deep impurity impregnation layer 8 is formed, the dose of the ion 
implantation — 2x1015 atm/cm2 it is — the acceleration energy — 40key(s) it is . - . 
[0020] Next, while making the interior diffuse the arsenic in the gate electrode 5 by RTA 
processing for 10 seconds at 1000 degrees C, the arsenic of the shallow impurity impregnation 
layer 6 and the deep impurity impregnation layer 8 is activatedj and it is drawing 1 (d). The 
source layer 9 and the drain layer 10 of LDD structure as shown are formed in the silicon 
substrate 1 of the both sides of the gate electrode 5. In this case, the depth pf the field which 
does not lap with a sidewall 7 among the source layer 9 and the drain layer 10 is set to about 
lOOnm from the front face of a silicon substrate. 1 . 

[0021] After that, it is drawing 1 (e). The ion implantation of the germanium is carried out to the ' 
whole containing the source layer 9 arid the drain layer 10, and this forms the amorphous 
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(amorphous) layer 1 1 in the surface of the gate electrode 5, the source layer 9, and the drain 
layer 10 so that it may be shown. The ion implantation is dose 8x1013 atm/cm2/It is above. 
Moreover, the amorphous layer 1 1 is formed more shallowly than the bottom of the source |ayer 
9 and the drain layer 10. and the acceleration energy at the time of an ion implantation is. deep 
to extent to which the amorphous layer 1 1 moreover does not disappear at the time of the 1st ^ 
next heat-treatment for silicideHzing, and is set as the magnitude in which the amorphous layer 
1 1 disappears further at the time of the 2nd heat-treatment for silicide-izing. 
[0022] Although specifically based on the depth pf the silicide layer which it is going to form 
from now on, when the depth of the source layer 9 and the drain layer 10 is lOOnm, it is 20- 
40keV. It is within the limits of extent, then, buffered fluoric acid — the gate electrode 5, the 
source layer 9, and the drain layer 10 ~ the silicon oxide of each front face is removed. 
Buffered fluoric acid is the mixed liquor of the rate of 100 about 2 and water in fluoric acid, and 
the removal time amount is about 60 seconds. 

[0023] Next, drawing 2 (a) Sequential formation of the cobalt (Co) film 12 with a thickness of 
about 8-20nm, and the about 30nm titanium nitride (TiN) film 13 is carried out by the spatter at 
the whole so that it may be shown. On the occasion of growth pf the cobalt film 12. direct- 
current electric energy which impresses the argon quantity of gas flow to 5mTorr(s) and a 
growth ambient atmosphere to lOOsccm(s) and a cobalt target for the growth ambient pressure 
force was made into 0.2 W/cm2. Thickness of the cobalt film 12 is made sp thick that germanium 
ion-implantation energy is enlarged. 

[0024] Moreover, on the occasion of growth of the titanium nitride film 13, direct-current 
electric energy which impresses the argon quantity of gas flow to 5mTorr(s) and a growth 
ambient atmosphere to 50sccm(s), and impresses a nitrogen quantity of gas flow to 50sccm(s) 
and a titanium nitride target for the growth ambient pressure force was made into 7.0 W/cm2. 
The titanium nitride film 13 is formed in order to control that irregularity arises on the front face 
of a silicide layer in the case of silicide-izing. 

[0025] After that, the 1st above-mentioned heat-treatment for silicide-izing is performed. That 
is. if RTA (rapid thermal annealling) processing for 30 seconds is performed at 400-450 degrees 
C and each front face of the gate electrode 5, the source layer 9, and the drain layer 10 is 
silicide-ized in the ambient atmosphere of nitrogen or an argon as shown in drawing 2 (b), it is 
Co2Si to the upper part of the amorphous layer 1 1. Or the cobalt silicide layer 14 which consists 
of CoSi is formed. In addition, since it recrystallizes the bottom of the amorphous layer 11 when 
the cobalt silicide layer 14 will not be formed if RTA temperature becomes lower than 400 
degrees C, and it becomes higher than 450 degrees 0, it is not desirable. Since the ion- 
implantation energy of germanium is optimized as described above, the amorphous layer 1 1 did 
not disappear in this phase, and although the upper part of the amorphous layer 1 1 not only 
corrodes by the cobalt silicide layer 14, but single-crystal-izes from a bottom among the 
amorphous layers 1 1 at the, time of this heat-treatment, even when it is small, it remains. 
[0026] Next, drawing 2 (c) Mixed liquor of the hydrogen peroxide heated at 70 degrees 0 so that 
it might be shown, and aqueous ammonia (H202:NH4 0H:H20 =1:1:4) By soaking for 180 
■ seconds, the titanium nitride film 13 is removed and continued and it is the mixed liquor 
(H2S04:H202 =3:1) of a sulfuric acid and a hydrogen peroxide. The unreacted cobalt film 12 is 
removed by soaking for 20 minutes. In this case, the cobalt silicide layer 14 remains as it is. 
[0027] Next, 2nd heat-treatment for silicide-izing is performed. Namely, drawing 2 (d) The cobalt 
silicide layer 14 is heated in a 600 degrees C - 900 degrees 0 temperature requirement in the 
ambient atmosphere of nitrogen or an argon so that it may be shown. Thereby, the cobalt silicide 
layer 14 is Co2Si. Or CoSi to CoSi2 Low resistance is changed and formed. In this case, it is 
CoSi2 when whenever [ stoving temperature ] is made lower than 600 degrees C. It is hard 
coming to be generated and it becomes impossible to attain, low resistance-izatlon. Moreover, if 
whenever [ stoving temperature ] becomes high from 900 degrees C or more, Co atom will begin 
to melt from, the cobalt silicide layer 14, and junction leak will be increased. 

[0028] The thickness of the cobalt silicide layer 14 obtained by this is 0.5-2.0, when thickness in 
which the impurity diffused layer which constitutes the source layer 9 and the drain layer 10 
remained is set to 1 . It becomes extent. To next, it is drawjng 2 (e). Silicon oxide .1 5 with a 
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thickness of 700nm is formed in the whole with a CVD method so that it may be shown. 
Subsequently After carrying out patterning of the silicon oxide 15 and forming a contact hole on 
the gate, electrode 5, the source layer 9, and the drain layer 10 The titanium film 16 of 20nm of 
thickness, the titanium nitride film 17 of lOOnm of thickness, and the aluminum layer 18 of 500nm 
of thickness are formed. Patterning of these three layers 16-18 is carried out by the 
photolithography method, and the common gate drawer electrode 19, the source drawer 
electrode 20, and the drain drawer electrode 21 are formed. 

[0029] In addition, although germanium was used in the above-mentioned explanation in order to 
. form the amorphous layer 14, the ion implantation of other elements, such as silicon, arsenic, and 
boron, may be carried out. In addition, germanium and silicon are desirable when the mass of an 
element, control of the high impurity concentration of an impurity diffused layer, etc. are taken 
into consideration. The ion implantation of the germanium is carried out by two or more 8x1013 
atoms/cm, the ion implantation of the silicon is carried out by two or more 8x1014 atoms/cm, 
and the ion implantation of the arsenic is carried out by 8x1013 atoms/cm2 - 5x1014 
atoms/cm2. 

[0030] At the pars basilaris ossis occipitalis of the cobalt silicide layer 14 in the MOS transistor 
formed of the above processes, a spike hardly occurred, but leakage current was controlled. 
Below, spike generating of the cobalt silicide layer 14 is explained in full detail. Drawing 3 (a) 
After forming the cobalt layer 12 of lOnm of thickness on it without making a silicon substrate 1 
amorphous so that it may be shown, the 1st experiment as shown below was conducted. 
[0031] First, drawing 3 (b) It is.Co2Si, when the cobalt layer 12 and the silicon substrate 1 were 
heated at 400 degrees C so that it might be shown. The cobalt silicide layer 14 shown was 
formed in the surface of a silicon substrate 1. Next, draw ing 3 (c) Co2Si which constituted the 
cobalt silicide layer 14 when the cobalt silicide layer 14 and the silicon substrate 1 were heated 
at 450 degrees C so that it might be shown It changed to CoSi. Then, drawin g 3 (d) CoSi is 
CoSi2, when the cobalt silicide layer 14 was heated at 600 more degrees C so that it might be 
shown. It changed and, moreover, the spike 22 had arisen in the base of the cobalt silicide layer 
14. CoSi2 after removing unreacted cobalt When TEM observation of the sectional view of the 
interface of Si was carried out, it came to be shown in drawing 4 , and the interface is irregular 
and abnormality growth (spike) of the shape of about 80nm icicle had produced it at the 
maximum. 

[0032] Next, drawing 5 (a) After making a silicon substrate 1 amorphous shallowly from a front 
face so that it may be shown, the cobalt layer 12 of lOnm of thickness was formed on it, and the 
2nd experiment as subsequently to a degree shown was conducted. First, drawing 5 (b) It is 
Co2Si, when the cobalt layer 12 and the silicon substrate 1 were heated at 400 degrees C so 
that it might be shown. The cobalt silicide layer 14 shown was formed in silicon substrate 1 
surface, and the thin amorphous layer 11 remained in the pars basilaris ossis occipitalis. Next,, it 
is drawing 5 (c). Co2Si which constitutes the cobalt silicide layer 14 when the cobalt layer 14 
and silicon substrate 1 which were heated at 400 degrees C are heated at 450 more degrees C 
so that it may be shown It changed to CoSi and, moreover, the cobalt silicide layer 14 corroded 
the amorphous layer 1 1 altogether. And the spike had arisen in the base of the cobalt silicide 
layer 14. Furthermore, drawing 5 (d) It is CoSi2, when the cobalt silicide layer 14 was again 
heated at 600 degrees C so that it might be shown. The cobalt silicide layer 14 shown was 
formed and the spike 22 had arisen in the base. ■■ ' 

[0033] Next, drawing 6 (a) After making the surface of a silicon substrate 1 amorphous deeply so 
that it may be shown, the cobalt layer 12 of IQnm of thickness was generated, and the 3rd 
experiment shown further below was conducted. First, drawin g 6 (b) It is Co2Si, when the cobalt 
layer 12 and the silicon substrate 1 were heated at 400 degrees C so that it might be shown. 
The cobalt silicide layer 14 shown was formed in the surface of a silicon substrate 1, and the 
thick amorphous layer 1 1 remained in the pars basilaris ossis occipitalis. Then, drawing 6 (c) 
Co2Si which constitutes the cobalt silicide layer 14 when the cobalt silicide layer 14 and silicon 
substrate 1 which were heated at 400 degrees C are heated at 450 more degrees C so that it 
nriay be shown Although it changed to CoSi and the amorphous layer 11 existed in the lower part, 
the pars basilaris ossis occipitalis of the amorphous layer 11 was recrystallized slightly. 
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Furthermore, drawing 6 (d) It is CoSi2. when the cobalt silicide layer 14 was again heated at 600 
degrees C so that it might be shown. The cobalt silicide layer 14 shown was formed, and spike 22 
did not arise in the base, but, moreover, the silicon layer 23. of the result which the amorphous 
layer 1 1 recrystallized existed in the lower part. 

[0034] Therefore, in order to. prevent generating of the spike from the cobalt silicide layer 14, it 
is thought that what is necessary is just to make the amorphous layer 1 1 deep enough like the 
process of the 3rd experiment. As shown in drawin g 2 in fact, a source layer and a drain layer 
exist in the silicon layer 23 which recrystallized, and whenever [ stoving temperature / of about 
850 degrees C ] is not enough as activation of the impurity in the amorphous layer 11. and it 
becomes impossible however, for contact resistance with the cobalt silicide layer 14, and a . 
source layer / drain layer to fully reduce it. Thereby, the original purpose of silicideHzing called 
the reduction in resistance of a source layer and a drain . layer cannot be attained. 
[0035] Next, drawing 7 (a) After making the surface of a silicon substrate amorphous so that it 
may be shown, the cobalt layer 12 of lOnm of thickness was formed, and the 4th experiment 
shown below was conducted further. That is [ it made the depth of the amorphous layer 1 1 into 
the proper value ], it was made for the cobalt silicide layer 14 to also corrode the silicon layer 23 
which the amorphous layer 11 existed under the cobalt silicide layer 14 after the 1st heat- 
treatment, and was recrystallized of the amorphous layers 11 in the reheating processing which 
is 600 degrees C in this experiment. 

[0036] First, drawing 7 (b) It is Co2Si, when the cobalt layer 12 and the silicon substrate 1 were 
heated for 30 seconds at 400 degrees C so that it might be shown. The cobalt silicide layer 14 
. shovyn was formed in silicon substrate 1 surface, and the amorphous layer 1 1 remained in the 
lower part. Then, drawing 7 (c) Co2Si which constitutes the cobalt silicide layer 14 when the 
cobalt silicide layer 14 and a silicon substrate 1 are heated for 30 seconds at 450 more degrees 
C so that it may be shown It changed to CoSi. Moreover, thickness is 20.2nm and the cobalt 
silicide layer 14 changed into the condition that 2.0mm projected from the front face of a silicon 
substrate 1, among those. Moreover, the silicon layer 23 and the amorphous layer 11 which were 
recrystallized under the cobalt silicide layer 14. existed, and such thickness was 18.2nm or less in 
total. 

[0037] Furthermore, drawing 7 (d) CoSi which constituted the cobalt silicide layer 14 when the 
cobalt silicide layer 14 and the silicon substrate 1 were reheated for 30 seconds at 600 degrees 
C so that it might be shown is CoSi2. It became and thickness became thick with 35.2nm. In this 
case, since 1.2nm of cobalt silicide layers 14 sank and they existed from the front face of a 
silicon substrate 1, the amorphous layer 14 of the beginning was completely corroded in the 
cobalt silicide layer 14, and, moreover, the silicon layer 23 which recrystallized did not exist in 
that lower part. 

[0038] Therefore, the condition of low resistance that the source layer and drain layer which 
exist under the cobalt silicide layer 14 were first activated at about 1000 degrees C has been 
maintained, and, thereby, contact resistance with the cobalt silicide layer 1 4, and a source layer 
and a drain layer was good. Moreover, CoSi2 When TEM observation of the interface of Si was 
carried out. abnormality growth like drawing 4 was not seen, but the interface was comparatively 
flat. 

[0039] From the above thing, the cobalt film of lOnm - 20nm of thickness is formed. This by the 
1st time The temperature of 400 degrees C - 450 degrees C, It heats for 30 seconds at the 
temperature of 600-900 degrees C by the 2nd time, respectively, and is CoSi2. In forming the 
cobalt silicide layer 14 It turned out that it is necessary to form the amorphous layer 1 1 so that 
it may become about 18.2nm - 26.4nm or more a depth of 35.2hm - 70.2nm or less to each 
thickness. 

[0040] Moreover, Cd2Si Or when forming the silicide layer 14 which consists of CoSi, it is 
effective if it carries out on the temperature conditions which a silicide. reaction occurs and 
make the recrystallization rate of the amorphous layer 11 extremely late. For example, as shown 
in drawing 8 , the recrystallization rate of the amorphous layer 1 1 becomes extremely slow below 
450 degrees C. Moreover, when forming the arhorphous layer 1 1 , it turns out that the direction in 
the case of containing an impurity has a recrystallization rate slower than the case where an 
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impurity is not contained. 

[0041] Finally, the leakage current of a cobalt silicide layer is explained. As shown in drawing 9 , 
while leakage current grounded the silicon substrate 31, it innpressed the forward electrical 
potential difference to the cobalt silicide layer 33 of the rnanagement of an impurity diffused 
layer 32. First,;the case where the ion implantation of the germanium is not carried out is 
explained. Immediately after [ forming the cobalt silicide layer 33 and removing urireacted cobalt 
after that by 550 degrees C and 1st RTA for 30 seconds, Namely, the relation of the leakage 
current and bias voltagejust behind a washout The place which changed and investigated the . 
plane area of an impurity diffused layer 32 about (it is hereafter. called a leak current 
characteristic), Drawing 10 (a) - (c) When the result as shown was obtained and the 
circumference length of an impurity diffused layer 32 was changed and investigated about the 
leak current characteristic, it is drawing 1 1 (a). - (c) The result as shown was obtained. 
[0042] Furthermore, it is CoSi2 by 825 degrees C and 2nd RTA for 30 seconds. The place which 
changed and investigated the area of an impurity diffused layer 32 about the leak current 
characteristic after forming the becoming cobalt silicide layer 33, drawing 12 (a) - (c) the place 
which the result as shown was obtained, and changed and investigated the circumference length 
of an impurity diffused layer 32 about the leak current characteristic — drawing 1 3 (a) and (b) 
The result as shown was obtained. 

[0043] According to drawing 1 0 - drawing 13 , the leak current characteristic after 1 st RTA has 
deteriorated, so that it is bad and circumference length becomes [ the area of an impurity 
diffused layer 32 ] larger than the leak current characteristic of 2nd RTA for a long time. This is 
based on the spike of the pars basilaris ossis occipitalis of the cobalt silicide layer 33. Next, the 
case where poured in germanium and the management of an impurity diffused layer 32 is 
beforehand made amorphous is explained. 

[0044] When the plane area of an impurity diffused layer 32 was changed and investigated about 
the leak currient cKaracteristic just behind a washout through 550 degrees C and 1st RTA for 30 
seconds, it is drawing 14 R> 4 (a). - (c) When the result as shown was obtained and the 
circumference length of an impurity diffused layer 32 was changed and investigated about the 
leak current characteristic, it is drawing 15 (a). - (c) The result as shown was obtained. 
[0045] Furthermore, it is CoSi2 by 825 degrees C and 2nd RTA for 30 seconds. The place which 
changed and investigated the area of an impurity diffused layer 32 about the leak current 
characteristic after forming the becoming cobalt silicide layer 33, drawing 16 (a) - (c) the place 
which the result as shown was obtained, and changed and investigated the circumference length 
of an impurity diffused layer 32 about the leak current characteristic — : drawing 1 7 (a) and (b) 
The result as shown wias obtained. 

[0046] According to drawing 14 - drawing 1 7 , when it is made amorphous by the ion implantation 
of germanium, there is little variation in a leak current characteristic, and, moreover, most of the 
area of an impurity diffused layer 32 and the dependency of circuhnference length is not seen. 
Next, the result investigated about the cobalt thickness dependency of the leak current 
characteristic of the cobalt silicide layer 33 after 2nd RTA is shown in drawing 18 R> 8 and 
drawing 1 9 . 

[0047] If the case where an ion implantation is carried out to the case where the ion 
implantation of the germanium is not carried out when the cobalt film is lOnm is compared from 
drawing 18 and 19, among them, a difference will hardly be seen about a leak current 
characteristic, but when the cobalt film is thickened with 18nm, it turns out that a clearly good 
leak current characteristic is acquired for the direction at the time of carrying out the ion 
implantation of the germanium. 

[0048] In addition, although the sheet resistance of the cobalt silicide layer at the time of 
forming a cobalt silicide layer, having used thickness of the cobalt film as 18nm was investigated, 
they were about 4ohm/** irrespective of the existence of a germanium ion implantation. When 
the ion implantation of the germanium is carried out and it is made amorphous to a silicon 
substrate also by the above experimental result before forming the cobalt film, it turns out that 
few good junction properties of the area dependency of an impurity diffused layer, a 
circumference length dependency, and a cobalt thickness dependency are acquired. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/04/01 



JP.09-251967.A [DETAILED DESCRIPTION] 



8/8 ^— V 



[0049] 

[Effect of the Invention] As stated above, in order to form a cobalt silicide layer in the 
management of an impurity diffused layer according to this invention Aftei' forming an amorphous 
layer in the management of an -impurity diffused layer which ponsists of silicon by the ion 
implantation After forming the cobalt film on an impurity diffused layer, the cobalt film and the 
silicon in an impurity diffused layer are made to react by 1st heat treatment, and they are CoSi 
or Co2Si at low temperature to the management of the amorphous layer. Form the becoming 
cobalt silicide layer, and the unreacted cobalt film is removed continuously. Subsiequently, CoSi 
or Co2Si. which constitutes a cobailt silicide layer by 2nd^heat treatment CoSi2 While making it 
change and forming'low resjstance By that of ** which is the same as an early amorphous layer, 
or is made to enter more deeply than it, a cobalt silicide layer In the case of the Ist heat 
treatment for forming a cobalt silicide layer, and the 2nd heat treatment, migration in the lower 
part of the configuration element of a cobalt silicide layer is barred by the amorphous layer, and 
generating, of a spike of a cobalt silicide layer can be prevented. And since a cobalt silicide layer 
is immersed in the recrystallization even if it extends a cobalt silicide layer to the depth in early 
stages of an amorphous layer and an amorphous layer recrystallizes in the case of the 2nd heat 
treatment, junction in high recrystallization of resistance and a. cobalt silicide layer is barred, and 
it can prevent that contact resistance goes up. 



[Translation done.] 



http://www4,ipdl.ncipi.gojp/cgi-bin/tran_:Web_cgi_eije 



2005/04/01 



JP.09-251967.A [TECHNICAL FIELD] 



1/1 V 



'* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a semiconductor 
device of having a salicide process, in more detail about the manufacture approach of a 
semiconductor device. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which, can not be translated. 
,3.In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] High integration of today's semiconductor device and speed-izing 
of high-speed-izing can be remarkable, and can enjoy now easily a high-speed three-dimension 
image processing, a high-speed communication link, etc. with a domestic personal computer and ' 
a domestic game machine. Such high performance-ization has been realized by only making size 
of a CMOS device detailed. The present CMOS device. is in the mass-production phase of 
magnitude where gate length is about 0.35 micrometers, and the 0.1 -O.OSmicrometer CMOS 
device is also reported by research level. However, the parasitism resistance according to a 
scaling law becomes large, and the engine performance does not go up as the conventional trend 
by the device with which gate length becomes smaller than 0.35 micrometers. Then, the process 
which silicide-izes the gate, the source, and a drain to coincidence, and forms them into low 
resistance to it, i.e., a salicide process, is an indispensable technique. 

[0003] In the MOS transistor, if a diffusion layer is made shallow in order to suppress the short 
channel effect etc., since increase of resistance of a diffusion layer will be brought about, the 
technique which silicide-izes the polish recon front face which constitutes a gate electrode, and 
the front face of a source layer and a drain layer in self align, and forms them into low resistance 
is examined. As the silicide, ingredients, such as TiSi2, CoSi2, and NiSi, are used. 
[0004] Next, the general production process of the MOS transistor which used Co Salicide for 
the surface of the gate, the source, and a drain is explained. First, drawing 20 (a) It is the silicon 
machine hill 101 so that it may be shown. It is LOCOS inside. Oxide film 102 It is about 50A gate 
oxide 103 by thermal oxidation about the front face of the separated field. It forms. Then, it is 
the polish recon film 104 of about 1500A thickness by the CVD method on it. It forms. 
[0005] Next drawing 20 (b) It is the polish recon film .104 so that it may be shown. After carrying 
out the ion implantation, of either PORON, Lynn or arsenic inside, it is the polish recon film 104. 
Patterning is carried out and it is the gate electrode 105. It forms. The ion implantation of the 
next door is carried out next, and it is the shallow impurity impregnation layer 106. It forms, next, 
drawing 20 (c) it is shown — as — a CVD method — silicon oxide with a thickness of about 
1000A — forming ~ gate^ electrode 105 until it exposes — anisotropic etching — carrying out - 
- silicon oxide — sidewall 107 ****** — it leaves. . 

[0006] After that, the ion implantation of the next door is carriied out, and it is the deep impurity 
impregnation layer 108. Impurity impregnation layer 106 shallow after forrhing Deep impurity 
impregnation layer 108 It is activated by heat-treatment and, thereby, is the gate electrode 105. 
Silicon substrate 101 of both sides Source layer 109 of LDD structure Drain layer 1 10 It will 
form, next, buffered fluoric acid — the gate electrode 105, the source layer 109, and drain layer 
110 after removing the silicon oxide (natural oxidation film) of each front face — drawing 20 (d) 
it is showri — as ~ About 100A cobalt film 1 1 1 About 300A titanium nitride film 1 12 forming — 

RTA for 550 ** 30 seconds, (rapid thermal annealling) processing — silicide ^^izing — cobalt 

silicide layer 1 1 3 It forms. 

[0007] Then, drawing 20- (e) It is the titanium, nitride film 1 12 so that it may be shown. The 
unreacted cobalt film 1 1 1 is remoyed and it is RTA for further 850 **30 seconds. It processes 
and, thereby; they are the gate electrode 105 and the source layer 109. And drain layer 1 10 The 
cobajt silicide layer 1 1 4 formed in the front face is further formed into low resistance. Such a 
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Salicide technique is a fundamental process, as the amelioration technique, the flattening 
technique of a^silicide layer is shown in JP.62-33466A and the equalization technique of the 
thicknes? of a silicide layer is indicated by JP,5-291 180,A. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be. translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] As stated above, in order to form a cobalt silicide layer in the 
management of an impurity diffused layer according to this invention After forming an amorphous 
layer in the management of an impurity diffused layer which consists of silicon by the ion 
irnplantation After forming the cobalt film on an impurity diffused layer, the cobalt film and. the 
silicon in an impurity diffused layer are made to react by 1st heat treatment, and they are CoSi 
or Co2Si at low temperature to the management of the amorphous layer. Form the becoming 
cobalt silicide layer, and the unreacted cobalt film is removed continuously. Subsequently, CoSi 
or Co2Si which constitutes a cobalt silicide layer by 2nd heat treatment CoSi2 While making it 
change and forming low resistance By that of ** which is the same as an early amorphous layer, 
or is made to enter more deeply than it, a cobalt silicide layer In the case of the 1st heat 
treatment for forming a cobalt silicide layer, and the 2nd heat treatment, migration in the lower 
part of the configuration element of a' cobalt silicide layer is barred by the amorphous layer, and 
generating of a spike of a cobalt silicide layer can be prevented. And since a cobalt silicide layer 
is immersed in the recrystallization even if it extends a cobalt silicide layer to the depth in early 
stages of an amorphous layer and an amorphous layer recrystallizes in the case of the 2nd heat 
treatment, junction in high recrystallization of resistance and a cobalt silicide layer is barred, and 
it can prevent that contact resistance goes up. 
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* NOTICES * 

JPO and NCIPI are not responsible for any . 
damages caused by the use of. this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. . , 

2. **** shows the word which can hot be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Inventiorr] When formation of the above cobalt silicide layers has 
a source layer and a deep drain layer, there is especially no problem, but when it becomes 
shallow, for example to about tOOnm, there is a problem. that leakage current becomes easy to 
flow. It thinks for the spike of cobalt silicide occurring from the bottom of a cobalt silicide layer, 
and running through a source layer and a drain layer as the cause. The spike of such cobalt 
silicide was produced even if formed according to the approach and temperature conditions 
which were indicated by two patent official reports which described the cobalt silicide layer 
above. 

[0009] This invention is made in view of such a problem, and aims at offering the manufacture 
approach of a semiconductor device including the process which forms the cobalt silicide layer 
which a ,spike cannot produce easily on a base. 
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1. This document has been translated by computer. So the translation. may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] 
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* NOTICES * ^ . 

JPO and KCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

,2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



OPERATION 



(Operation) Next, an operation of this invention is explained. In order to form a cobalt silicide 
layer in the management of an impurity diffused layer according to this invention An amorphous 
layer is formed in the management of an impurity diffused layer which consists of silicon by the 
ion implantation. After forming the cobalt film on an impurity diffused layer furthermore, the 
cobalt film and the silicon in an impurity diffused layer are made to react by 1st heat treatment, 
and they are CoSi or Oo2Si at low temperature to the management of the amorphous layer. The . 
becoming cobalt silicide layer is formed. Then, GoSi or Cb2Si which removes the unreacted 
cobalt film and subsequently constitutes a cobalt silicide layer by 2nd heat treatment CoSi2 
While making it change and forming sheet resistance into low resistance It is the same as the 
depth of an early amorphous layer, or the cobalt silicide layer is made to enter more deeply than 
it. 

[0014] According to such a process, migration in the lower part of the configuration element of a 
cobalt silicide layer is barred by the amorphous layer in the case of the 1st heat treatment for 
forming a cobalt silicide layer, and the 2nd heat treatment, and generating of a spike of a cobalt 
silicide layer is' prevented. And since it was made for the recrystallization to make it immersed by 
the cobalt silicide layer even if it extended the cobalt silicide layer to the depth in early stages of 
an amorphous layer and the amorphous layer recrystallized on the occasion of the 2nd heat . 
treatment, junction in high recrystallization of resistance and a cobalt silicide layer is barred, and 
the rise of contact resistance is prevented. 

[0015] If the temperature of the 1st heat treatment becomes 450 degrees 0 or more, since an 
amorphous layer recrystallizes from the bottom, the semantics made amorphous is lost. 
Moreover, if it is beyond temperature for the temperature of the 2nd heat treatment to activate 
an impurity diffused layer, since cobalt begins to melt from a silicide layer and junction leak is 
increased, it is not desirable. Such a cobalt silicide layer is used for the source layer of an MOS 
-transistor, a drain layer, etc., and forms those layers into low resistance.. 
[0016] In addition, although especially the element that carries out an ion implantation in order to 
form an amorphous layer is not limited, germanium with big mass, silicon, its arsenic used for a 
dopant are desirable. 
[0017] 

[Embodiment of the Invention] Then, the operation gestalt of this invention is explained based on 
a drawing below. Below, the gestalt of operation of this invention is explained. Drawing 1 is the 
sectional view showing the process of 1 operation gestalt of this invention. First, drawing 1 (a) It 
is LOCOS among the silicon machine hills 1 so that it may be shown. The front face of the field 
separated with the oxide film 2 is oxidized thermally, and it is 5nm in thickness by this. The gate 
oxide 3 of extent is formed. Then, gate oxide 3 and LOCOS It is 150nm by the CVD method on 
an oxide film 2. The polish recon film 4 of the thickness of extent is fornied. 
[0018] Next, drawing 1 (b) After carrying out the ion implantation of the arsenic into the polish 
recon film 4 so that it may be shown, patterning of the polish recon film 4 and the gate oxide 3 is 
carried out, and the gate electrode 5 is formed with the polish recon film 4. The ion implantation 
of the arsenic is carried out to a mask at a silicon substrate 1, using the gate electrode 5, and 
the shallow inripurity impregnation layer 6 is formed next, the dose of the ion implantation — 
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3x1014 atm/cm2 it is — the acceleration energy — lOkeV(s) it is . 

[0019] Next it is lOOnm by the CVD method. The silicon oxide of the thickness of extent is 
formed. Then, anisotropic etching of the silicon oxide is perpendicularly carried out until the top 
face of the gate electrode 5 is exposed, and it is drawing 1 (c). It leaves silicon oxide to the side 
face of the gate electrode 5 as a sidewall 7 so that it may be shown. After that, the ion 
implantation of the arsenic is carried out to a mask at a silicon substrate 1 using the gate 
electrode 5, and the deep impurity impregnation layer 8 is formed, the dose of the ion . 
implantation — 2x1015 atm/cm2 it is ~ the acceleration energy — 40keV(s) it is . 
[0020] Next, while making the interior diffuse the. arsenic in the gate electrode 5 by RTA 
processing for 10 seconds at 1000 degrees C. the arsenic of the shallow impurity impregnation 
layer 6 and the deep impurity impregnation layer 8 is activated, and it is drawing 1 (d). The 
source layer 9 and the drain layer 10 of LDD structure as shown are formed in the silicon 
substrate 1 of the both sides of the gate electrode 5. In this case, the depth of the field which 
does not lap with a sidewall 7 among the source layer 9 and the drain layer 10 is set to about 
lOOnm from the front face of a silicon substrate 1. ' 

[0021] After that, it is drawing 1 (e). The ion implantation of the germanium is carried out to the 
whole containing the source layer 9 and the drain layer 10, and this forms the amorphous 
(amorphous) layer 1 1 in the surface of the gate electrode 5. the source layer 9, and the drain 
layer 10 so that it may be shown, The ion implantation is dose 8x1013 atm/cm2. It is above. 
Moreover, the amorphous layer 1 1 is formed more shallowly than the bottom of the source layer 
9 and the drain layer 10, and the acceleration energy at the time of an ion implantation is deep 
to extent to which the amorphous layer 1 1 moreover does not disappear at the time of the 1st 
next heat-treatment for silicideHzing, and is set as the magnitude in which the amorphous layer 
1 1 disappears further at the time of the 2nd heat-treatment for silicide-izing. 
[0022] Although specifically based on the depth of the silicide layer which it is going to form 
from now on, when the depth of the source layer 9 and the drain layer 10 is lOOnm, it is 20- 
40keV. It is within the limits of extent, then, buffered fluoric acid — the gate electrode 5. the 
source layer 9, and the drain layer 10 — the silicon oxide of each front face is removed. 
Buffered fluoric acid is the mixed liquor of the rate of 100 about 2 and water in fluoric acid, and 
the removal time amount is about 60 seconds. 

[0023] Next, drawi ng 2 (a) Sequential formation of the cobalt (Co) film 12 with a thickness of 
about 8-20nm and the about 30nm titanium nitride (TiN) film 13 is carried out by the spatter at 
the whole so that it may be shown. On the occasion of growth of the cobalt film 12, direct- 
current electric energy which impresses the argon quantity of gas flow to 5mTorr(s) and a 
growth ambient atmosphere to lOOsccm(s) and a cobalt target for the growth ambient pressure 
force was made into 0.2 W/cm2. Thickness of the cobalt film 12 is made so thick that germanium 
ion-implantation energy is enlarged. 

[0024] Moreover, on the occasion of growth of the titanium nitride film 13, direct-current 
electric energy which impresses the argon quantity of gas flow to 5mTorr(s) and a growth 
ambient atmosphere to 50sccm(s), and impresses a nitrogen quantity of gas flow to 50sccm(s) 
arid a titanium nitride target for the growth ambient pressure force was made into 7.0 W/cm2. 
The titanium nitride film 1 3 is formed in order to control that irregularity arises on the front face 
of a silicide layer in the case of silicide-izing. 

[0025] After that, the 1st above-mentioned heat-treatment for silicide-izing is performed. That 
is. if RTA (rapid thermal annealling) processing for 30 seconds is performed at 400-450 degrees 
C and each front face of the gate electrode 5, the source layer 9, and the drain layer 10 is 
silicide-ized in the ambient atmosphere of nitrogen or an argon as shown in drawing 2 (b), it is . 
Co2Si to the upper part of the amorphous layer 11. Or the cobalt silicide layer 14 which consists 
of CoSi is formed. In addition, since it recrystallizes the bottom of the amorphous layer 1 1 when 
the cobalt silicide layer 14 will not be formed if RTA temperature becomes lower than 400 
degrees C, and it becomes higher than 450 degrees 0, it is not desirable. Since the ion- 
implantation energy of germanium is optimized as described above, the amorphous layer 1 1 did 
not disappear in this phase, and although the upper part of the amorphous layer 1 1 not only 
corrodes by the cobalt silicide layer 14, but single-crystal-izes from a bottom among the 
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the time of this heat-treatment, even when it is small, it remains, 
c) Mixed liquor of the hydrogen peroxide heated at 70 degrees C so that 
iqueous ammonia (H202:NH4 0H:H20 =1:1:4) By soaking for 180 
tride film 13 is removed and continued and it is the mixed liquor 
sulfuric acid and a hydrogen peroxide. The unreacted cobalt film 12 is 
20 minutes. In this case, the cobalt silicide layer 14 remains as it is. 
reatment for silicide-izing is performed. Namely, drawing 2 (d) The cobalt 
d in a 600 degrees C - 900 degrees C temperature requirement in the 
nitrogen or an argon so that it may be shown. Thereby,. the cobalt silicide 
»Si to CoSi2 Low resistance is changed and formed. In this case, it is 
stoving temperature ] is made lower than 600 degrees C, It is hard 
and it becomes impossible to attain low resistance-ization. Moreover, if 
Derature ] becomes high from 900 degrees C or more, Co atom will begin 
silicide layer 14, and junction leak will be increased. 

the cobalt silicide layer 14 obtained by this is 0.5-2.0, when thickness, in 
5ed layer which constitutes the sourpe layer 9 and the dr-ain layer 10 
becomes extent. To next, it is drawing 2 (e). Silicon oxide 1 5 with a 
)rmed in the whole with a CVD method so that it may be shown, 
ying out patterning of the silicon oxide 15 and forming a contact hole on 
s source layer 9, and the drain layer 10 The titanium film 16 of 20nm of 
nitride film 17 of lOOnm of thickness, and the aluminum layer 18 of SOOnm 
. Patterning of these three layers 16-18 is carried out by the 
d, and the common gate drawer electrode 19, the source drawer 
ain drawer electrode 21 are formed' 

ugh germanium was used in the above-mentioned explanation in order to 
er 14, the ion implantation of other elements, such as silicon, arsenic, and 
ut In addition, germanium and silicon are desirable when the mass of an 
high impurity concentration of an impurity diffused layer, etc. are taken 
ion implantation of the germanium is carried out by two or more 8x1013 
mtation of the silicon is carried out by two or more 8x1014 atoms/cm, 
i of the arsenic is carried out by 8x1013 atoms/cm2 - 5x1014 

aris ossis occipitalis of the cobalt silicide layer 14 in the MOS transistor 
>cesses. a spike hardly occurred, but leakage current was controlled, 
of the cobalt silicide layer 14 is explained in full detail. Drawing 3 (a) 
: layer 12 of lOnm of thickness on it without making a silicon substrate 1 
ay be shown, the 1st experiment as shown below was conducted, 
b) It is Co2Si, when the cobalt layer 12 and the silicon substrate Twere 
D so that it might be shown. The cobalt silicide layer 14 shown was 
F a silicon substrate 1 . Next, drawing 3 (c) Cb2Si which constituted the 
vhen the cobalt silicide layer 14 and the silicon substrate 1 were heated 
it it might be shown It changed to CoSi. Then, drawing 3 (d) CoSi is 
silicide layer 14 was heated. at 600 more degrees C so that it might be 
moreover, the spike 22 had arisen in the base of the cobalt silicide layer 
g unreacted cobalt When TEM observation of the sectional view of the 
ied out, it came to be shown in drawing 4 , and the interface is irregular 
(spike) of the shape of about 80nm icicle had produced it at the 

!a) After making a silicon substrate 1 amorphous shallowly from a front 
;hown, the cobalt layer 12 of 10nm of thickness was formed on it, and the 
equently to a degree shown was conducted. First, drawing 5 (b) It is 
layer 12 and the silicon substrate 1 were heated at 400 degrees C so 
The cobalt silicide layer 14 shown was formed in silicon substrate 1 
lorphous layer 11 remained in the pars basilaris ossis occipitalis^, fsjext, it 
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is drawing 5 (c). Co2Si which constitutes the cobalt silicide layer 14 when the cobalt layer 14 
and silicon substrate 1 which were heated at 400 degrees C are heated at 450 more degrees C 
SQ that it may be shown It changed to GoSi and, moreover, the cobalt silicide layer 14 corroded 
the amorphous layer 1 1 altogether. And the spike had arisen in the base of the cobalt silicide 
layer 14.- Furthermore, drawing 5 (d) It is CoSi2, when the cobalt silicide layer 14 was again 
heated at 600 degrees 0 so that it might be shown. The cobalt silicide layer 14 shown was 
formed and the spike 22 had arisen in the base. 

[0033] Next, drawing 6 (a) After making the. surface of a silicon substrate 1 amorphous deeply so 
that it may be shown, the cobalt layer 12 of lOnm of thickness was generated, and the 3rd 
experiment shown further below was conducted. First, drawing 6 (b) It is Co2Si, when the cobalt 
layer 12 and the silicon substrate 1 were heated at 400 degrees C so that it might be shown. 
The cobalt silicide layer 14 shown was formed in the surface of a silicon substrate 1, and the 
thick amorphous layer 1 1 remained in the pars basiliaris ossis occipitalis. Then, drawin g 6 (c) 
Co2Si which constitutes the cobalt silicide layer 14 when the cobalt silicide layer 14 and silicon 
substrate 1 which were heated at 400 degrees C are heated at 450 more degrees 0 so that it 
may be shown Although it changed to CoSi and the amorphous layer 1 1 existed in the lower part, 
the pars basilaris ossis occipitalis of the amorphous layer 11 was recrystallized slightly. 
Furthermore, drawing 6 (d) It is CoSi2, when the cobalt silicide layer 14 was again heated at 600 
degrees 0 so that it might be shown. The cobalt silicide layer 14 shown was formed, and spike 22 
did not arise in the base, but, moreover, the silicon layer 23 of the result which the amorphous 
layer 1 1 recrystallized existed in the lower part. 

[0034] Therefore, in order to prevent gener-ating of the spike from the cobalt silicide layer 14, it 
is thought that what is necessary is just to make the amorphous layer 1 1 deep enough like the 
process of the 3rd experiment. As shown in drawing 2 in fact, a source layer and a drain layer 
exist in the silicon layer 23 which recrystallized, and whenever [ stoving temperature / of about 
850 degrees C ] is not enough as activation of the impurity in the amorphous layer 1 1. and it 
becomes impossible however, for contact resistance with the cobalt silicide layer 14, and a 
source layer / drain layer to fully reduce it. Thereby, the original purpose of silicide-izing called 
the reduction in resistance of a source layer and a drain layer cannot be attained. 
[0035] Next, drawing 7 (a) After making the surface of a silicon substrate amorphous so that it 
may be shown, the cobalt layer 12 of lOnm of thickness was formed, and the 4th experiment 
shown below was conducted further. That is [ it made the depth of the amorphous layer 1 1 into 
the proper value ], it was made for the cobalt silicide layer 14 to also corrode the silicon layer 23 
which the amorphous layer 1.1 existed under the cobalt silicide layer 14 after the 1st heat- 
treatment, and was recrystallized of the amorphous layers 1 1 in the reheating processing which 
is 600 degrees C in this experiment. 

[0036] First, drawing 7 (b) It is Co2Si, when the cobalt layer .12 and the silicon substrate 1 were 
heated for 30 seconds at 400 degrees C so that it might be shown. The cobalt silicide layer 1 4 
shown was formed in silicon substrate 1 surface, and the amorphous layer 1 1 remained in the 
lower part. Then, drawing 7 (c) Co2Si which constitutes the cobalt silicide layer 14 when the 
cobalt silicide layer 14 and a silicon substrate 1 are heated for 30 seconds at 450 more degrees 
C so that it may be shown It changed to CoSi. Moreover, thickness is 20.2nm and the cobalt 
silicide layer 14 changed into the condition that 2:0mm projected from the front face of a silicon 
substrate 1, among those. Moreover, the silicon layer 23 and the amorphous layer 11 which were 
recrystallized under the cobalt silicide layer 14 existed, and such thickness was 18.2nm or less in 
total. 

[0037] Furthermore, draw ing 7 (d) CoSi which constituted the cobalt silicide layer 14 when the 
cobalt silicide layer 14 and the silicon substrate 1 were reheated for 30 seconds at 600 degrees 
0 so that it might be shown is CoSi2. It became and thickness became thick with 35.2nm. In this 
case, since 1.2nm of cobalt silicide layers 14 sank and they existed from the front face of a 
silicon substrate 1, the amorphous layer 14 of the beginning was completely corroded in the 
cobalt silicide layer 14, and, moreover, the silicon layer 23 which recrystallized did not exist in . 
that lower part. 

[0038] Therefore, the condition of low resistance that the source layer and drain layer which 
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exist under the cobalt silicide layer 14 were first activated at about 1000 degrees C.has been 
maintained, and, thereby, contact resistance with the cobalt silicide layer 14, and a source layer 
and a drain layer was good. Moreover, CoSi2 When TEM observation of the interface of Si was 
carried out, abnornnality growth like drawing 4 was not seen, but the interface was comparatively 
flat. 

[0039] From the above thing, the cobalt film of 10nm ~ 20nm of thickness is formed. This by the 
1st time The temperature of 400 degrees C - 450 degrees C, It heats for 30 seconds at the 
temperature of 600-900 degrees C by the 2nd time, respectively, and is C6Si2. In forming the 
cobalt silicide layer 14 It turned out that it is necessary lo form the amorphous layer 1 1 so that 
it may become about 18.2nm - 26.4nm or more a depth of 35.2nm - 70.2nm or less to each 
thickness. 

[0040] Moreover, Oo2Si Or when forming the silicide layer 14 which consists of O.oSi, it is 
effective if it carries out on the temperature conditions which a silicide reaction occurs and 
make the recrystallization rate of the amorphous layer 1 1 extremely late. For example, as shown 
in drawing 8 , the recrystallization rate of the amorphous layer 1 1 becomes extremely slow below 
450 degrees C. Moreover, when forming the amorphous layer 1 1, it turns out that the direction in 
the case of containing an impurity has a recrystallization rate slower than the case where an 
impurity is not contained. 

[0041] Finally, the leakage current of a cobalt silicide layer is explained. As shown in drawing 9 , 
while leakage current grounded the silicon substrate 31, it impressed the forward electrical 
potential difference to the cobalt silicide layer 33 of the management of an impurity diffused 
layer 32. First, the case where the ion implantation of the germanium is not carried out is 
explained. Immediately after [ forming the cobalt silicide layer 33 and removing unreacted cobalt 
after that by 550 degrees C and 1 st RTA for 30 seconds, ], Namely, the relation of the leakage 
current and bias voltage just behind a washout The place which changed and investigated the 
plane area of an impurity diffused layer 32 about (it is hereafter called a leak current 
characteristic), Drawing 10 (a) - (c) When the result as shown was obtained and the 
circumference length of an impurity diffused layer 32 was changed and investigated about the 
leak current characteristic, it is d rawing 1 1 (a). - (c) The result as shown was obtained. 
[0042] Furthermore, it is GoSi2 by 825 degrees C and 2nd RTA for 30 seconds. The place which 
changed and investigated the area of an impurity diffused layer 32 about the leak current 
characteristic after forming the becoming cobalt sijicide layer 33, drawing 12 (a) - (c) the place 
which the result as shown was obtained, and changed and investigated the circumference length 
of an impurity diffused layer 32 about the. leak current characteristic — drawing 1 3 (a) and (b) 
The result as shown was obtained. 

[0043] According to drawing 10 - drawing 1 3 , the leak current characteristic after 1 st RTA has 
deteriorated, so that it is bad and circumference length becomes [ the area of an impurity 
diffused layer 32 ] larger than the leak current characteristic of 2nd RTA for a long time. This is 
based on the spike of the pars basilaris ossis occipitalis of the cobalt silicide layer 33. Next, the 
case where poured in germanium and the management of an impurity diffused layer .32 ^is 
beforehand made amorphous is explained. 

[0044] When the plane area of an impurity diffused layer 32 was changed and investigated about 
the leak current characteristic just behind a washout through 550 degrees C and 1st RTA for 30 
seconds, it is drawing 14 R> 4 (a), - (c) When the result as shown was obtained and the 
circumference length of an impurity diffused layer 32 was changed and investigated about the 
leak current characteristic, it is drawing 15 (a). - (c) The result as shown was obtained. . 
[0045] Furthermore, it is OoSi2 by 825 degrees C and 2nd RTA for 30 seconds. The place which 
changed and investigated the area of an impurity diffused layer 32 about the leak current 
characteristic after forming the becoming cobalt silicide layer 33, drawing 1 6 (a) - (c) the place 
which the result as shown was obtained, and changed and investigated the circumference length 
of an impurity diffused layer 32 about the leak current characteristic — drawing 1 7 (a) and (b) 
The result as shown was obtained. ^ . 

[0046] According to drawing 1 4 - drawing .17 , when it is made amorphous by the ion implantation 
of germanium, there is little variation in a leak current characteristic, and, moreover; most of the . 
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area of an impurity diffused layer 32 and the dependency of circumference length is not seen. 
Next, the result investigated about the cobalt thickness dependency of the leak. current 
characteristic of the cobalt silicide layer. 33 after 2nd RTA is shown in drawing 18 R> 8 and 
drawing 19 . 

[0047] If the case where an ion implantation is carried out to the case where the ion 
implantation of the germanium is not carried out when the cobalt film is lOnm is compared from 
drawing 18 and 19, among them, a difference will hardly be seen about a leak current 
characteristic, but when the cobalt film is thickened with 18nm, it turns out that a clearly good 
leak current characteristic is acquired for the direction at the time of carrying out the ion 
implantation of the germanium. 

[0048] In addition, although the sheet resistance of the cobalt silicide layer at the time of 
forming a cobalt silicide layer, having used thickness of the cobalt film as 18nm was investigated, 
they were about 4ohm/** irrespective of the existence of a germanium ion implantation. When 
the ion implantation of the germanium is carried out and it is made amorphous to a silicon 
substrate also by the above experimental result before forming the cobalt film, it turns out that 
few good junction properties of the area dependency of an impurity diffused layer, a 
circumference length dependency, and a cobalt thickness dependency are acquired. 
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* NOTICES * . 

JPO and NCIPI are not responsible for any . . 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can hot be translated. 
3.1n the drawings, any words are riot translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional vievy (the 1) showing the production process of the semiconductor 
device of 1 operation gestalt of this invention. 

[Drawing 2] It is the sectional view (the 2) showing the production process of the semiconductor 
device of 1 operation gestalt of this invention; 

[Drawing 3] It is the sectional view showing the experiment process which met the formation 
process of conventional cobalt silicide. 

[Drawin g 4 ] It is the sectional view showing an example of the spike generated by the formation 
process of conventional cobalt silicide. 

[Drawing 5] It is the sectional view showing an experiment process when the amorphous layer at 
the time of forming cobalt silicide is too shallow. 

[Drawing 6] It is the sectional view showing an experiment process when the amorphous layer at 
the time of forming cobalt silicide is too deep. 

[Drawing 7] In 1 operation gestalt of this invention, it is the sectional view showing an 
experiment process when the amorphous layer at the time of forming cobalt silicide is the 
.optimal. 

[Drawing 8] It is the property Fig. showing the relation between the recrystallization rate of an 
amorphous layer, and temperature formed with 1 operation gestalt of this invention. 
[Drawing 9] It is. the sectional view showing. the trial condition for investigating the magnitude of 
the leakage current of an impurity diffused layer. 

[Drawing 10] It is a leak current characteristic Fig. by difference of the . area of the cobalt silicide 
layer after rerhoving unreacted cobalt after the 1st heat treatment formed by the conventional 
approach. 

[Drawing 1 1] It is a leak current characteristic Fig. by difference of the circumference length of 
the cobalt silicide layer after removing unreacted cobalt after the 1st heat treatment formed by 
the conventional approach. 

[Drawing 1 2] It is a leak current characteristic Fig. by difference of the area of the cobalt silicide 
layer after the 2nd heat treatment fornried by the conventional approach. 

[Drawing 13] It is a leak current characteristic Fig. by difference of the circumference length of 
the cobalt silicide layer after the 2nd heat treatment formed by the conventional approach. 
[Drawing 14] In 1 operation gestalt of this invention, it is a leak current characteristic Fig. by 
difference of the area of the cobalt silicide layer after removing unreacted cobalt after the 1st 
heat treatment. 

[Drawing 1 5] In 1 operation gestalt of this invention, it is a leak current characteristic Fig. by 
difference of the circumference length of the cobalt silicide layer after removing unreacted 
cobalt after the 1 St heat treatment. 

[Drawing 1 6] In 1 operation gestalt of this invention, it is a leak current characteristic Fig. by 
difference of the area of the cobalt silicide layer after the. 2nd heat treatment. 
[Drawing 1 7] In 1 operation gestalt of this invention, it is a leak current characteristic Fig. by 
difference of the circumference length of the cobalt silicide layer after the 2nd heat treatment. . 
[Drawing 18] It is the property Fig. (the 1.) which investigated how the leakage current of a cobalt 
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silicide layer would change after the 2nd heat treatment with differences of the thickness of the 
cobalt film in a ^comparison in 1 operation gestalt of the conventional approach and this 

invention. . 

[ Drawing 1 9] It is the property Fig. (the 2) which investigated how the leakage current of a cobalt 
silicide layer would change after the . 2nd heat treatment with differences of the thickness of the 
cobalt film in a comparison in 1 operation gestalt of the conventional approach and this, 
invention. 

[Drawing 20] It is the sectional view showing the formation process of the cobalt silicide layer of 
the conventional approach. 
[Description of Notations] 

1 Silicon Substrate 

2 LOCOS Oxide Film 

3 Gate Oxide 

4 Polysilicon KONN Film 

5 Gate Electrode 

6 Impurity Impregnation Layer 

7 Sidewal! 

8 Impurity Impregnation Layer 

9 Source Layer 

10 Drain Layer 

1 1 Amorphous Layer (Amorphous Layer) 

1 2 Cobalt Film 

13 Titanium Nitride Film 
. 14 Cobalt Silicide Layer 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer/So the translation may not reflect the original 
precisely. . 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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(d) IC^-f- J: t:: 100AmS<:7):ayNVPMglll t 300A 
a«cOM'fl:^;5'>-Kll2 ^Jg^t. 550 •C30^'iORTA(ra 
pid thermal annealling) J: oTS^U-^"^ H-fkt 

[0007] gEV%T, 112 0 (e) \.Z7Kti. 0 t^M-ffc^^ 

50 raOg^fORTA «^S-^fV>. CI^LICJ: 0^-hmfiil05 

. y-:^.mo9 m/v^x^^ ymm <r>mm^zm^^ix 
fz^^^ivvi^')-^^ Ymiu^^h\,zmmi\L-th. ^ 

<r>iio^j:^'J^-{Yi&mm^mj:JMX'h'0^ ^<DJ!& 
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[0008]- 

S;{)^S>S, tT{4. ciAVWb v-'J-^-'f 

[0009] i^Wm. ^<r^i.ottWmi,z&i.Xts:^f\. 
[00 10] 

^mmm*^ . 1 0 ^?g^-r.s.xsi: . mipmim. 

'^9, 1 0O±;igStC7C^$r-f:t>'^A-r.S^i:lc:J: 

D^^f9«/ii \ mtm^nrnmi 10 

\2hmi^m^M9, 1 OSrmi<7)^tcj:i9jD 

sfttT. Buie^B^B^Jii K^immzzo^ sixficosii 

mWmmM9 , 1 0|^c7)S/U3yi:RiEL'5r*»-pfv: 
|in5nA;i.hJSl I^W^-thzmh. UnS^^'NVWhv' 
U -t-f Kil 1 4 S.l>="frlBTf€«itiI 9 , 1 0 2 CO 
^\.zi.y)imcfh^h\.zi.y)^ luiSCojSi XJiCoSiSr 
CoSia tc^-fkS-ti:-Si:i:*>lc:. B>ri53^^';^^i^y1^-^ K 
« 1 4 ■k^ff^'m 1 1 i: PI t^^XJiMffi^^SMJf 

^'m^^mom^-}i'mzi.->x'mk-th , 
[0011] ±ie^*^««oMii:^icjb%^T. Mie 

l2^^*^fioS5t:^ffi^:*5V^T. ttnB^2cojae{i:. 

5 0 ^'c\:}±xh->x^--mi^^^^m'hmtm^ 

^a«OSSt:^t=*iV^T. 1!rfer7>'N';Ph^{48-2 0nin 
[0012] ±iS^*^a<7)S5t*^lCj3V^T. MS 

tfTiN) srjFM-r-sx^^^-r^cit^iifmii-r-i.. ± 
riT^A. i^yn^, mMxhi>:Lt^:'Wmt-t?>> CIO 



-f:t>'aA$iX. BUlBv-y^IVfiSX 1 Oi« atoms/cmz 
J^LhT--^ >'aA$ . miBat^ti: 8 x 1 0 » 3 atoms/cm 
2 ~5X 1 Oi«atoiiB/cm2 "C-^ :t>aA§iXl>C: fc 

[0013] (f^ffl) <J:t:. :*:^Bflc7)#fflttoV^TgiBJ 

mmmmcoiMmz^ yi-ymxt>zx riw^snm^mm. 
coi^u^yt i:miB^^x^<on^m<o±MBizm& 

MV^T*g:jC«OrJ^N';PhJlS:^*L. •ov>T-2tfiIS 
^TJ^iJaillc J: o T nVU h y -9--^ H/l$:1f fig-f S CoSi 

[0014] cco^o^xm^zxtm. 3>'^';^^i^y1^ 

HJlS:?gBg'r-S.:^i^<01|lia<0|?fc3J!iffiarX2lHlS«7)!» 
C0T\ StJtc^i^VillM^Biin^NVl^bi^y^f-f KJitcOgf 

[ 0 0 1 5 ] iiaaco^ac7)^:^i4 5 orm± 

CC^S . ^^H^«S*^T*^ -oSMb^b^C LXLtd <7)X\ 

is^ij-T^i^^mmm^mmttt tzi^c^^iiLtx'hfi 
i/y-9--f K®«>^>3y>vkh*sj§:tiULTS-^y-i? 

i:miz^-^ti><7>X'0tL<^^\ C:c7)j;a^:nyN';Whi^ 

[ 0 0 1 6 ] 'Srfc. n^mm^msm-hfzibiz-^^ym. 

A-r-S.7C3Rt4. #(cRS^t-'l.tO-e{4^v^*i, ■S»co:;*c 

^^yji'^—^M,^ zyv^y^. \^-^'<yhi,zmm^ti 

[00 17] 

mmcomm<Dmmi ^zx\ aTiz:^mMcomtmm 
mt<z-:>^-^xmm-th. mui. *%bhc^-iij©^®ox 

^SrS^t-BrMHT'S)-!.. S-f. HI 1(a) tcS^f J;at=. 
i^yn^-^^KOa^LOOTS S!-fl:lS2tCioTta-SI$il 

l^'LOCOS mim2<0±.i,ZCVDmzX OlSOnra mSOM 
/PcO^ty >- y n >'M4 Sr?gjS-r -S . 

[0018] mz^ m 1 (b) ics^-f-j: a tc, ;Ky £^y ^ 
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•S.. •^■iO'f jJ-yjiAiOK— Xi{±3X 1 Oi«ati!i/cm2 T 
fcO. -f-OjD3iX:t-.;Pd(f-{il OkeV T'Jb-l.. 
[0019] <J^fc. C VD^fCi OlOOnm SJgCO/J^cT) 

mifim^-th tx">v=i ymim^mm.i}\^i,zm^i±:c 
yi-y^Lx. miic) izT^-rxoiizi^u^ywiitmt: 
y~hm&5<7ymmiz^^ H'>=r-;u7 1 Lxm-r. 

1 LTSIV ^^itUaTJi 8 J^^-r 
•i. , 0>f :t yiiX(0 ¥ — 2X1015 atm/cm2 X' 
h 0 . -eiOMx;t-.;Udr'-{i: 4 0 keV f?) S . 
[0020] mz^ 1 0 0 O'Ct'l O^^iORTAMa 

\,zi:'>xy-\-^msnmLm^^mzm^^h 1 1 

^vStt-fk^itTiai (d) (c^-rJ:d^LDD«3tc7)y- 
Xjf 9 i: H l^-f yii 1 0 ^^r'- h«® 5 OMffllitOi^ 'J 

1 ^zmm-h . ciio*^. y-xji 9tYV^y 
mi o<oa*>-9-'f H^:t— ;P7tc«^4>^v^li^cog^$ 

ny^i^lcJD^M*^^ 1 OOnmS^i:^^, 

[0021] -eof^t:. lai (e) i,z^-ti o y-x 

® 9 . YV-^ym 10 ■^:^Xs±mz-ir)V?~^2>. Jt- 

U^yJWl Oiommi^zr^tjuyrx (#B^B®) ®1 12: 
Jg^-fS. -etJ^-^^yaEAJi, h'-XiSX 1 Oi^atm/ 

{i. y-xS9i: Fi^-f ySi ooiSJ; Dt^<T^;w 

1 [g B jiMaB#tcT^;^7 r xji 1 1 mn^ v 
^tc^<, ^i^izi^v-^^ Yimt^2^mm^>mmz 

[ 0 0 2 2 ] ^ix*><^?gfi^Lj;di:-ri>>' 
y-tf-f y-x;i9. Ki^-^yJii 

OOai^** 10 0 m.<r)i^\,z^ 2 0~4 OkeV ^COlE 

m 5 . y-x/i 9 . K i--f ys 1 0 ^ti^ticr)mm(^ 
i^v^ym-imt:m^-t^, ^<yyr-Yy-ymii. y 

>ySISr 2 . 7l<$r 1 0 omi^<7)m^X'$) 0 . 
I^ra{i6 0#^mST'3^§, 

[0023] mz. 112 (a) tS^-r J; o IC^f^tClf S 8 
~2 0ninmK(7)3>''<;Wh ( Co ) IK 1 2 i; 3 0 niim^iOM 

it^i^y (TiN ) m 3S:;^M-.y:?cj: y)m<mi^-r 

I., rJ^sVPh^l 2cr)fig^c75llt{4. ^:^#Hmff:'3^ 
SmTorr , ^^WMW^(r>TJUd'y:^':x.^tS.'S: 1 0 Osc 
cm, aJ-<jUh^-y-y hizmiUi-&m.^M:fia.t:0.2!il/c 



ym.:c^^>u^-iiz^<'t^iim<i-?>, 

[0024] tfz. M'fbf-rJ'yJK 1 3(DmMer>miZi:i^ 
BK:S#ffl§5E:»]S:5mTorr . fig:g#Hm'V<7)T;U=fyXf 
XgKiSr 5 Osccm. 5 Osccm. M-fbf-rJ' 

y^-y-/ htcEPJ[rrSiSsSm:tl»$:7.0W/cm2i: 

M-ft^rJ'yMi 3«4. i^y-y-'f h''(kioi?gtc:i^y-9--f hji 

[0025] ^comiZ. ±iBt/i vy-9-^ K-ftfflHl 0 

ajDiS53!as5:tfa. ip^. m2ib)i,z7jk^x^t>z^ mm 

XliTJU::fy<DWm^'¥X\ 4 0 0~4 5 0X:-C'3 Og? 
^ORTA (rapid thermal annealling)*!iaS:tf-3Ty 

— hflffi5. y-XJl9. Vh-^ ymi 0<D^ti^ilcr) 
mmii^U-t^ Hb-r-Si:, T^;U7rXJil lco±gP 
fcCoiSi XJiCoSiJzO^Sn^NVUhi^y-if-f KJil43t^ 
J^fig^tT.^. ^fc. RTAaK*M0O°Cj;'9t«<=3r 

mmL^ti^<^X'MtL<^\\ ncotmummzii, 

T'tJUyr^mi lc7)±a57&<nyN';Whi^y-9--^ KS14 
l>zJ:':>xm±^tihf3-fX'^<. r^:;U7rxiIl ico 
o -hm^i^^i^^ttx < ^tK ±iS LfzX o izyjw? 

-n^Aco-f :ty^:J^^)l'^-^imitLX\'^^C0X\ 
c (7)fmx'T=Ejuy r 1 1 mnmt?> ^ibl±^<. 

hrii-x-i^m-ox^^^. 

[0026] mz. m 2 (c) IC^-r J: O tC. 7 Ort^jD 
^L^MSS?'fbj<f!li: Ty=^-Tyizcom-^m(.lii02 iNH^OH: 
H2O =1 : 1 : 4) tCl8 0#ravf{t^^fctCJ;OM-fL 

f-^y^i 3^i^*L, mifxWimt7m^t7m(7)M-^ 

'miHiSa^-.ti^Oz =3:1) tC2 0^S?Iit-l.^i:tCJ:0 
*^^Ec03^\';UhMl 2S:l^-r-l.. C:<^^-&, 3>'n';P 

N>-y-9--f Fsi4{4'e<^^^s^, 

[0 027] i^v-*)-^ v-{tmm2msu\mmt: 

=fTd, IP*>. 02(d) t,z5jk-tJ:oiz^ mmxitTJUzfy 
comS^'^X^^-^Jl' b v- y if-f b'ii 1 4 $r 6 0 ox;~9 

oo'c<Dy^m^mx'i\im-?>. ztii,zxr>. n^NVwb^- 

y-y--^" Fill 4{4C02Si X(4CoSi*»^>CoSi2 l<Z^h-oX 

<-rhb. CoSi2 **^ttC<<^:oTffi^M3&^T 

#^<'5r-g., i/t, 9 0 0'cm±J;')tJnff^?ajg*^< 
^j:^t. aj^jUhi^V^^ 1 45!)>4>CoJSl^3&*^ftttJ 
Lg-&y-i?^ii:^$ii:S. 

[0028] ZtlizX 'Onii>tltzaJ'ijUhi^V-^^ Kii 
140J1${±. y-;:^S9ai/h'l^-f y® 1 02r«^-r 

^T-mMj:Wim<^m^ fzm^ ^it-t^t. 0.5 ^2.0 
mmifZ^xh, z<7)miz^ 112(e) i^zj^-rxo^z. ^mz 
cvDmizx*) 7 0 omcom^coi^v ^rjymmi 5t: 
mm.L. ov^T'. i^v^ym-itmi 5^^'<i^--yifL 

xy— hmm 5 . y — xJi 9^1/ b' v-^ymiQ <7)±tC 

3>'^?^'h:^-;I^^?g^L!''v:flfctC, liJy2 0nm<7)^^'>' 
Ml6, WkW-lQ0nw7)m.it^9ymi7 . J^5 0 0 
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C 0 0 2 9 ] :5rt5 . ±iaL/iieBflT-{4. T=ejUy r 

tV^, ^^;UVC^'>A{48X 1 013 atoms/cm^ JJLhf 'f:t 
>^X^tl. j^U^ytSSX 1 0'* atoms/cm^ljUiTM 
:t>'?iA$iX. 5tt*{48x 1 Oi3atonis/ciii2 ~5X 1 0 

[ 0 0 3 0 ] JiLh<7) j; a'SrXm-i OJ^Jj^SiX^cMO S 
h 9 y i^'X 1^*5 its h U -9--f 1 4 i^JlSSP 

Ic-ov^TP^I.. 113(a) tcs^-Tiolc. i^'Jny* 
:^1 S-r^yp^rX-fbL^VJ-C-eoitMJSl 0nm(503 
^N';u b ill 2 ^JgfiK L^f*tc<ii:tcS^-r j; 3 =2:11 1 ^ollSt 

[003 1] i-f . 113 (b) iz^-ti 0 iz. :3J</V hJi 
1 2S.l^v-i;r?>'S:^1^4 0 0°CT-1lD^L?ti:^^. 
CojSi T-5K$ixS h y -y--^ KJf 1 4 U 3 V 
»«^l<7)a«fc?^fig;$tL3t. <Xtw, 113(c) ^z^-tXd 

iz. aA;^^i'';■^^-f KMi 45.i/fi^!;3y«s[i &4 

5 0°C-r«L/^i:C:'5). aJijUhiyV^^ h'Sl4S: 
(d) iZTn-tXoiz^ ay<j\^hi^V-^^ ¥mi4t:^(^iz 

eoox^Tnv^Xfzt:!^. coSi*<coSi2 t^-fkt. t 

n^N';l'h>'U-9-'f KJi 1 4C0,eBtc(4;^/'NM 2 2 
[00 32] 115(a) tn^-riac::. S/Uriys 

«R 1 ^mm:f)^i^m<T=ej]^y r^itttzmz. ^<^±.\,z 

]mi Onm<?)3^N';Ph®l 2S'?^figt. ^\^X'mz5Kt 

Xotc^2(r)mm.i'^-ofz. S-fv 115(b) \,z^-tXo 
tc. ayN'/t'h® 1 225.1>'>'U $r4 0 O'CTDn 

l^tTti:^:^. CoaSi -C^^tt-SayN'/Whi^U-f ^ h'S 

1 4 ^^sv- u 3 ys« 1 mmtizm^^ti. ^(r>im\,z\m 

V^T^;^7rX«l lA<]!g-5 3to oric. 115(c) \,Z7p. 
■r J: a tc. 4 0 O'CfJnl^^ti.T'cnMVixhii i 4St/>' 
U3>'a^l^$4>tc4 5 0"C-C«tfci:::^. 

V-^^ H/i 1 4 S-m^-r-SCoiSi *<CoSitC^*) 
0. LA^tnyNVPhv-U-tf-^ HSl 4*^r^:;U7rXS 
1 1 Sr^Tft^tt/::, ^tTrjysVPbi/U-*f'f Kill 4 
«0igffit::{4x>' -^-^ ^'ij^^tX^^fz, $ . H 5 (d) t 
^-fi 3 tCs n^'NVU h Uif-f 1 4 S:llt>'6 0 0*C 



T-JumL^vrhC^. CoSia X'T^^tl^aj-sfUhi^V^^ 
K« 1 4 3!)^*Jgfig$il. -?-OJEffilC{4X>'NM 2 2 b 

[003 3] iJi^ic:, [16(a) iz^-tJ:ol,z. i/'Jrjys 
« 1 <r)mmi:U< T^JUy T X-ft L/if^fcMJf 1 0nm<^ 
n^'NVUhJl 1 2^*fi£L. § (^l>zmz^-t^3cr>^^ 
n^fz, i-Ts 1116(b) t::5^-rJ:olc. aj^fUhmi2 
Rt/i^U::! ymW.lt: 4 0 0X:X-}5m.LfztZb. Co^S 
i T'^SiX^3yN>hvU-tf>f ¥mi4t>^z^0^y^ 

i(7)mmi,zm^^tL. ^cr>mmziim^^T=^ji'yr:^m 

1 ij^oTt. ^v^T. 116(c) tc^^-ridlc:. 4 00 
•CT-1in^$ ix/^ rjy nVP h U 1?->f H® 1 4 RX/i^ V:iy 
mWLlt:^hiZ4 5 0'CXi}amLfztZ^. ziJ^jUhi^ 

\^mi 4t:m^-thCozSi ^CoSUZ^iyO . ^<r> 
'Y-n\z\%T'^)Vy r 1 1 tf^^Vtz'¥. T=^)Vy r 

xmii coimiii^-r-h^zmmikit lt v « § . 

m 6 (d) t^-r j; a fc> s;;W h U K« 1 4 SrW 
t^6 0 0r-eJiJf^L3^v:i:i-?>. CoSij -f^^ixSnyNVW 
hi^U-9--< Kii 1 Atiim^^iX. ^<r)'^\,Z\tXJU 9 

2 2 -f . L*^*> . -ec7)T:^-C{4r^;P7 r XJi 1 
1 im^^BitLtzmi^cr,i^'J^ym2 3ifi^^LX\i^ 
fz, 

[0 034]^-?-C. KBl 4*^^>0 

^<D^t:m±-thfz>sbi,ziim3(Dmmcr)jLm.co 

i.di.zT^)Vyrxmi 1 S:+^tc^<-m«J;».^i: 

m^\<z\m 2 ts^-r i a y -xmmf h u ^ ^^Ji*** 

ftU, T^:;U:7 rxmil n<^T-W^cr)-:i^mms 5 0 

1 4 i: v-xm/ Yv^ymb<^-=iyi''^ hsta:5&< 

l/-f yBOf&Sfii;'fbi:V^a>'';-9--f HL«0SIDC7)SW& 
[003 51 H7(a) fcS^-Tiatc. i^Uny^ 

^ YMl 4:Cr)T\<zr=^)Vyrxm 1 \ i)^^L. ±fz. 

6 0 0 •cosjnS'i^iaaiTiiT^yp y r xm 1 1 o a -ipcT) 

^^^BitLtzi^^J 3 y« 2 3 t nyNVU h U 1 

4 ici oT?i:t$ix-S i: a tJt . 
[003 6] t-f. miih) {Z^s-tXo^Z. aJ^)VVm 
1 2&tXS/ y r? ya:^ 1 Sr4 0 0'CT3 0^^^»Xfz 

tZ^. CoaSi •C'^$il|)r2yN';Whi^y-f-f \<mi4^^ 

i^va ymm. i ^(^T:Uiziir=Ej\^y 

rxmi itm-^fz. m\^x. 117(c) tcs^-riatc. 

avNOPhixyif^ Kill 425Ll^>'y3yS:Kl 2r$4.tc 
4 5 0 -CT 3 0 ^f^jDSJi L^v: i: C: -5) , h y nf-^ 

}^mi4t:mm-hcoiS\ ti'^cdsnz^h^tz, ttz. 
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T:^rt=«WIS^8 L U 3 yJi 2 3 i; T^;l/7 rxmi 
iil<b«Oj?${i-^ltT'l 8. 2niiimTT'^ 

[00 37] $^>tC. 07(d) tC^^-TidlC. r7A;l^h 
i/ ^ Kil 1 4 RX/iyV 3 1 Sr 6 0 O-CT 3 0 

«^L-rv^:tCoSi*iCbSi2 i:^^ , i?§Ji^'3 5 . 2nmi: 

y 3 1 </)m.mt)^(o l . 2nm^t^•e:i^LfcOT^ 

^^D<0T^;p:7rxili 4{i^^t3>'N';i^h>'U-9-'f K 
Ji 1 4 [zx^^fi. Lti-i^^<7yT:^i,z\m^^tLtzi^ 
U n y 1 2 3 ti^^ tz . 

^¥^trsy-^Si: h'l^-f >'®{±«^tc; 10 0 Q-cmS 

yBfc(Orjy^^ bStiitimifC&ofc, t.tz. CoSiz 
h Si <r)#M^ T E M L^^ i: ^ ^ H 4 <7) J: d ^^^^ 

[0 0 3 91 JjUiC7)C:i:*»^>. Jl^Pl 0nm~2 OnmOn 
^NVWMl^J^fi^L. ^ix^lglIIiat'4 0 0'C~4 5 0 
•CCOSS. ||2l5]@-C'6 0 0—9 0 0'C<7y^X'^tl^' 
il3 0g.iajlBaLTCbSi2 onysVl^h^-y-tf-f K«14 

2nm~2 6. 4nmI.Xh3 5. 2nm~7 0. 2nmJ.MT<7)^ 

§tc^l>J:atcr^:;l^7rxai l^mm'ti>iSL^ti^h 
h:itifihti^->tz. 

[0 040] iLfz. CoaSi XfiCoSi J: O^^S ^-'J-^?"^ F 

« 1 4 ^mm-t ^tc(±. X u -^f-f Ymi-hm^ K) a» 

tC4 5 O'COTT'T^/U^ rxm 11 c^Mm^Bj&mtim 
St:a<=5:l.. St'c. T^;l-7rx®l limf^i-?>^ 

[0 04 1] ^{3. KSiOy-^'S 
g£{cov^Tgi0J-r-S. y-^m^{ill9t;r^-rj: 3 tc, 
y :3 3 1 ^^tlil-r-l. -36-. 3 20 

±;igporjA;i.hi^y-»?-^ b'^3 3l:iE<7)^SrEriJnL 
fz. t-f. yju^~^J^i-(^ym.L^j:\^i^i,z-^\'^ 

Xm^M-fh. 5 5 O'C. 3 0?j.Wlgl ESCORT 
J:^T3.'N';Whi^yif-< FS3 3S:?gBg;LT^Of*tC* 

y-^m8^Eh^^'^Tx«JE^oM^l(j;J^T. y- 

^■SsSltttiiV^d ) lcov^-c^*€1^5fi£Ucii3 2iO¥®« 
5r^;lTliSLy;!i:C:5. 121 0(a) ~(c) tC^^fJca 
=3r^m*^#'i>ii« *3t, y-:J'lg8SE!RH4tc:ov^-C^j3E!Bi 



K;Si«3 2io;fa;g^^^x.-ctisUv:i:-i^. mi 
(a) -(c) l,z^-rJ:o^^^^i}mi^tlfz, 

[0042] ^iylZ. 8 2 sr. 3 0^<^m2 Ill@<7) 
RTAtCioTCoSiz J: 0'5rS3>'N';l'V>'y-9-^ h'/i3 
3 SrJgfig L T^^f^^O y - ^ mSTii^lCOl, ^T^MiHsiSBjCil 
3 2c0ffim$r^i.rP3EL^ci:^'5. 012(a) ~(c) 
iz^^^o^tmti^ni^ti. tti. y-:?1tgit!^tco 

m 3 (a), (b) tcs^-TJ: o'^tiSST&^'^f^jn^^. 

[0 04 3] HI 0-01 3{CJ:il{f. 1|HIS<7)RTA 
cOf^cO y - t7lgSSE#S« 2 HI RT ACO y -i? «glE# 
1±J;0i>®<. ^!f«£SiS3 2c7)Bm*i:^#< 
Xitmmm^^<^d:^msitLX^^l, :itiii. 
h ij b'S 3 3 c7)lSg|I<7)X>'>M J; ^ t cOT'S> 
<Ji:tC. ^r';l.vri':^AS:^L-C^!|*te;aiC«3 2c^) 

[0044] 5 50°C. 30#ScomilIIScORTASr 
sST'^* <x i^jt-T^ Mttf^i^y-^«S!E#ttl::-:>V'>T^ 
mMS£«jCii3 2cr)TMa^^;tTPSt/ii:i^. HI 
4(a) ~(c) iz^'tXd^j:^W:t>m^ii. ttz. y-^ 

mmmnz-:>\^xTM^mm3 2cr,mm^^:^txm 

^LiZt ^1 ^, H 1 5 (a) -(c) tc^-fi a iSrlSW^ 

[0045] 825'C. 3 0^^^7)112 HIS C7) 

RTAtCi-pTCoSia J: 0^l)3>'NVl^hi^y-9--^ HS3 

3 2c7)®«Sr^x.TP3EL7^^i:C:^. Hi 6(a) ~(c) 
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